| INTRODUCTION
Seasonal influenza is an acute respiratory infection caused by worldwide circulating influenza viruses. The spectrum of disease severity ranges from mild forms of disease to those with severe complications, including death. The main aim of influenza immunization programs is the reduction of hospitalization and death occurring mainly among high-risk individuals. However, the burden of mild outpatient illness is also important because it accounts for a large proportion of absenteeism in both healthy adults and children. [Correction added on 25 January 2018, after first online publication: Funding information has been added.]
The copyright line for this article was changed on 25 January 2018 after original online publication Current estimates indicate that, worldwide, the annual influenza epidemics affect 5%-10% of the world's population, resulting in about 3-5 million cases of severe illness, and about 250 000-500 000 deaths. 1 The European Center for Disease Prevention and Control (ECDC) estimates that nearly 40 000 people in the European Union die prematurely each year due to influenza-related causes. 2 To better assess and plan targeted public health interventions, national estimates of the burden of seasonal influenza are needed to compare between different influenza seasons and pandemics.
Estimating the national burden of influenza disease is however challenging. Recently, the WHO issued recommendations toward the use of influenza surveillance data to better estimate the burden of disease at the national level. 3 The Spanish Influenza Sentinel Surveillance System (SISSS) is a well-established and consolidated system that provides timely information on the activity of mild influenza disease in Spain at primary care level since 1996. 4, 5 It is based on sentinel physicians reporting clinical influenza-like illness (ILI) cases and integrates virological data collected in the same population, 6 providing an opportunity to calculate the disease burden in primary care. Regarding influenza severity, the surveillance system for severe hospitalized confirmed influenza cases (SHCIC) was established in Spain after the influenza pandemic of 2009, including sentinel hospitals from all Spanish regions.
To date, estimates of influenza-associated disease burden in Spain have been focused on specific age-groups, 7 regional geographical areas, 8 or severe disease but have not considered mild influenza disease. 9 Our aim was to utilize data obtained by the SISSS and SHCIC on the surveillance of mild and severe disease at the primary and secondary care level to estimate the age related burden of seasonal influenza disease in Spain, in the post-2009 pandemic period.
| METHODS

| The Spanish Influenza Sentinel Surveillance System (SISSS)
The 
| Surveillance of SHCIC
The number of hospitals participating in the surveillance of SHCIC In this way, one unique system provides information on all hospitalized patients with severe confirmed influenza infection, including the ICUadmitted and deceased.
We used data obtained from the surveillance of SHCIC for the same study period and age-groups as in primary care, to calculate the cumulative hospitalization rates as well as the cumulative rates of ICU admission for each season. We used as denominators the population under surveillance in the participating hospitals. These rates were applied to the total Spanish population to estimate the total number of SHCIC and ICU-admitted patients (including the 95% CI) for the whole country, by season and age-group. The number of deaths in SHCIC was also extrapolated to the Spanish population to estimate the number of deaths in influenza hospitalized patients in Spain.
We used as denominators the Spanish population of the first year of each season (total and by age-group), obtained from the Spanish National Statistics Institute.
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All estimations were performed using version 14.1 of the statistical analysis software stata (Stata Corp., College Station, TX, USA).
| RESULTS
| Seasonality of influenza activity in Spain through the Influenza Surveillance Systems in primary and secondary care
Influenza activity in sentinel primary care varied by studied season ( Figure 1 ). The ILI rates at the epidemic peak ranged be- We provide here results at national level. Influenza activity observed at primary and secondary health care in Spain varied by Spanish region and season and was timely reported through the national weekly and annual influenza reports.
| Estimated influenza burden disease
| ILI cases and MCIC in sentinel primary care
The highest cumulative MCIC rates were observed in children under 15, whereas the lowest in the elderly (65+ aged) ( Figure 3 ). The cumulative MCIC rates varied from 141 to 608 cases per 100 000 population in the elderly, depending on the season, and from 1395 to 3155 cases per 100 000 population in the 5-to 14-year age-group.
The number of ILI cases in Spain in the study period ranged be- Table 1 ). The 5-to 
| SHCIC, ICU admissions and influenza deaths in secondary care
Surveillance in secondary care evidenced for all the influenza seasons the highest annual cumulative SHCIC in the extreme age-groups: 0-4 and 65+ years old. We estimated between 8 and 30 hospitalizations per 100 000 population for the children up to 4 years old and between 4 and 30 hospitalizations per 100 000 population in the elderly group, depending on the influenza season ( Figure 4 ).
In the study period, there was an annual average of 3616 SHCIC (Table 2) . On average, the estimated severe hospitalized rates were highest in children under 4 years of age (18.9 SHCIC/100 000 population) and in elderly (16.5 SHCIC/100 000 population). ICU admission rates were also highest in these age-groups, with 4.9 ICU admissions/100 000 population and 4.5 ICU admissions/100 000 population in children <4 years and in elderly, respectively. There was an annual average of 437 influenza hospitalized deaths. Annual influenza hospitalized rates were highest in the elderly (3 deaths in influenza hospitalized patients/100 000 population) ( Table 2 ).
The number of SHCIC in Spain in the study period ranged between (Table 3) .
Regarding the burden of severe influenza disease by age-group, (Table 3) .
Of the total estimated number of SHCIC and ICU admissions, 46%
and 57%, respectively, were in the young adults group, followed by the elderly (39% and 31%). Only 23 deaths in hospitals were estimated for children less than 5 years old, while the majority of deaths occurred in the 65+ age-group (58%), followed by the 15-64 age-group (39%) ( Figure 5 ).
Within the 6 influenza seasons 2010-2011 to 2015-2016, the percentage of ICU admission among the SHCIC was highest (42%) in the 15-64 age-group, while the hospitalization fatality rate was highest in elderly (18% of deaths among SHCIC) ( Table 4 ). Children 0-4 and 5-14 years old experienced a percentage of ICU admission of 31% and 26%, respectively, but the hospitalization fatality rate was very low (1%-3%) compared to the young adults and elderly (10% and 18%, respectively) ( Table 4 ).
| DISCUSSION
We estimated the burden of mild and severe seasonal influenza dur- Our results indicate that the seasonal influenza burden of both mild and severe influenza disease in Spain is virus-and age-specific, with significant seasonal variation. During the 6 studied influenza seasons, we found that, while children under the age of 15 years have the highest ILI and MCIC rates, the very young (0-4 years) and the elderly exhibit the highest rates of severe influenza-associated hospitalizations. This is consistent with previous studies showing that young children and adolescents have the highest rates of medically attended influenza, 7, [12] [13] [14] while the highest hospitalization rates for influenza are observed among very young 15 and persons aged ≥65 years.
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Previous exposure to influenza viruses, providing a partial immunity to the circulating viruses, and higher vaccine coverage than in other age-groups, 17, 18 could account for the lower ILI rates at the primary F I G U R E 3 Primary care. Cumulative annual rates of mild confirmed influenza cases by age group, SISSS, Spain care level in the elderly population. In addition, as the elderly have also the highest prevalence of chronic conditions, they would be more prone to complications and hospitalizations, once acquiring the influenza infection, therefore yielding higher hospitalization rates in this population group. sons), we found that the 5-14 age-group was considerably more affected compared to other influenza seasons. This finding was also described in other countries in Europe and in Australia. [22] [23] [24] In children younger than 5 years, it is more difficult to find a virus-specific pattern regarding the influenza disease burden. We found a high disease several influenza seasons without circulation of this influenza virus. 25 We have estimated the burden of severe influenza during each influenza epidemic finding an average of 3616 SHCIC, 1232 ICU admissions, and 437 deaths in severe influenza hospitalized patients. The impact of severe influenza varied by age-group and across the 6 studied influenza seasons.
As we mentioned above, the impact of severe influenza during the 6 studied influenza seasons, as measured by the cumulative hospitalization rate, was higher in Spain for children less than 5 years old and elderly. However, in terms of the number of severe influenza cases, young adults bore the largest burden of influenza hospitalization and ICU admission, followed by the elderly. These 2 groups accounted for 85% and almost 90% of the total number of SHCIC and patients admitted to ICU, respectively. Mortality was highest in the elderly with 58% of the deaths reported in influenza hospitalized patients, followed by 39% in young adults. Future studies are needed to explore if certain risk factors contribute to mortality in the young adults group (e.g, underlying conditions).
Overall, during the post-2009 influenza pandemic period, the proportion of severe influenza cases admitted to the UCI was highest in young adults 15-64 years old, consistent with other studies in the same period. 26 In addition, the number of patients in this age-group admitted to the ICU was higher in A(H1N1)pdm09 dominant seasons compared with other subtype seasons. 26, 27 Children under 5 years of age experienced the highest number of SHCIC and ICU admissions during the season 2015-2016, concordant with the high burden of mild disease in this age-group observed in primary care in the 2015-2016 season. 28 However, there was no increase in the number of deaths in influenza hospitalized patients belonging to this age-group.
In our study, influenza-associated mortality increased with age, with the elderly having the highest hospitalization fatality rate, similarly to regression results describing the acute respiratory illness deaths attributable to influenza. while a higher and more homogenous estimate of burden of severe influenza is found in this study for the last 3 studied seasons. 28, 34 Several other limitations must be taken into account when interpreting our study results. Our estimation of severe influenza burden in
Spain is restricted to surveillance data which includes severity criteria in the SHCIC case definition. Therefore, our results are conservative when compared to those based on the reporting of influenza hospitalized cases independently of its clinical severity, 35 yielding lower hospitalization rates. This also applies to the number of deaths reported in influenza hospitalized patients. Results of regression models, previously applied in our group, gave an estimate of all causes excess mortality rate attributable to influenza of 170 deaths/100 000 population in the >64 age-group for the 2011-2012 influenza season. 36 In con Considering together the mentioned limitations, we believe our results underestimate the real burden of severe influenza disease in Spain. Nevertheless, updated influenza burden information will be essential to guide public health policy and control measures.
An underestimate of the burden of mild influenza may also have occurred, as the ILI case definition only captures a proportion of all symptomatic cases 37 and is less sensitive compared to acute respiratory infection (ARI) case definition. However, the sentinel sample positivity is quite high in Spain compared to other countries and besides other factors this could be related to the high performance of ILI's ascertainment of the sentinel physicians belonging to the SISSS. 38 Finally, direct comparisons with equivalent studies are difficult due to differences not only in the estimation methods, but also in the different case definitions used, surveillance protocols, sentinel physicians training, primary, and secondary healthcare systems characteristics, etc.
In conclusion, we report a considerable influenza disease burden in Spain, with significant seasonal and age variations. Children less than 15 years old yielded the highest influenza activity in primary care, while influenza hospitalization rates were highest among the very young children and the elderly. Nevertheless, the impact of influenza in the National
Health System was mainly concentrated in young adults for mild influenza, and in young adults and elderly for severe influenza disease.
Estimates of mild and severe influenza disease burden in Spain will allow understanding the impact of the epidemics, including potential influenza pandemics, helping to guide decisions targeting influenza prevention and control. This information, periodically updated, will also be crucial to estimate the impact of influenza vaccination programs, contributing toward enhanced guidance for the development of long lasting and more efficient influenza vaccines. 
